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(54) Title: SEMI-SYNTHETIC ECTEINASCIDINS 

(57) Abstract 

The present invention is directed to several newly 
prepared semi-synthetic ecteinascidin (Et) species, des- 
ignated herein as Et 757, Boc-Et 729, Iso-Et 743, Et 
875. and Et 1560. The physical properties of these com- 
pounds, their preparation and bioactivities are also re- 
ported. 




K7»r 

UoLVA:1TS 




Bac*E»720 




to»«743 




HoLvrtsmM 

tffim: 91 ♦ HT VUE88 C& 1,8 bOD 




♦(Referred to in PCT Gazette No. 4/2000, Section II) 

BNSOOCID: <WO 9951238A1JA> 



I 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan * 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cate d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


FI 


Finland 


LT 


Lithuania 


FR 


France 


LU 


Luxembourg 


GA 


Gabon 


LV 


Latvia 


GB 


United Kingdom 


MC 


Monaco 


GE 


Georgia 


MD 


Republic of Moldova 


GH 


Ghana 


MG 


Madagascar 


GN 


Guinea 


MK 


The former Yugoslav 


GR 


Greece 




Republic of Macedonia 


HU 


Hungary 


ML 


Mali 


IE 


Ireland 


MN 


Mongolia 


IL 


Israel 


MR 


Mauritania 


IS 


Iceland 


MW 


Malawi 


IT 


Italy 


MX 


Mexico 


JP 


Japan 


..■ NE 


Niger 


KE 


Kenya 


NL 


Nethcriands 


KG 


Kyrgyzstan 


NO 


Norway 


KP 


Democratic People's 


NZ 


New Zealand 




Republic of Korea 


PL 


Poland 


KR 


Republic of Korea 


PT 


Portugal 


KZ 


Kazakstan 


RO 


Romania 


LC 


Saint Lucia 


RU 


Russian Federation 


LI 


Liechtenstein 


SD 


Sudan 


LK 


Sri Lanka 


SE 


Sweden 


LR 


Liberia 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Vict Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



8NSDOCID: <WO ^9951238A1_IA> 



wo 99/51238 



PCT/US99/0747i 



SEMI-SYNTHETIC ECTEINASCIDINS 

BACKGROUND OF THE INVENTION 

The ecteinascidins (herein abbreviated Et or Et's) are exceedingly potent antitumor 
agents isolated from the marine tunicate Ecteinascidia mrbinata. In particular, Et's 729, 743 
and 722 have demonstrated promising efficacy in vivo, including activit\' agamst P388 murine 
leukemia, BI6 melanoma, Lewis lung carcinoma, and several human tumor xenograft models in 
mice. The antitumor activities of Et 729 and Et 743 have been evaluated by the NCI and recent 
experiments have shown that Et 729 gave 8 of 10 survivors 60 days following infection with 
B16 melanoma. In view of these impressive results, the search for additional ecteinascidin 
compoimds continues. 

SUMMARY OF THE INVENTION 

The present invention is directed to several new ecteinascidin compoimds, prepared 
semi-synihetically, i.e., using previously discovered ecteinascidin compounds as the starting 
materials therefor. The structures of the new Et*s of the present invention are as shown below: 
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The new ecteinascidin compounds shown above have been found to possess similar 
antitumor activity profiles as the known ecteinascidin compounds, and as such they will be 
useful as therapeutic compounds, e.g., for the treatment of mammaUan tumors including 
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melanoma, lung carcinoma, and the like. The dosages and routes of administration will var\- 
according to the needs of the patient and the specific activit\' of the active ingredient. The 
determination of these parameters is within the ordinar>' skill of the practicing physician. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures lA and IB show the LRFAB Mass Spectrum of Et 757 in Magic Bullet 
(MB). See. Rinehan et aL, Biochem. Biophys. Res. Commun.. 1984. 124, 350. 

Figures 2A and 2B show the tandem FABMS/MS spectrum of Et 757 in MB. 

Figure 3 shows the 'H NMR (500 MHz) spectrum of Et 757 in CD.OD. 

Figures 4A and 4B show the LRFAB Mass Spectrum of Et 729 in MB. 

Figures 5 A and 5B show the tandem FABMS/MS spectrum of Boc-Et729 in MB. 

Figure 6 shows the LRFAB Mass Spectrum of Iso-Et 743 in MB. 

Figures 7A and 7B show the tandem FABMS/MS spectrum of Iso-Et 743 in MB. 

Figure 8 shows the 'H NMR (500 MHz) spectrum of iso-Ei 743 in CD.OD. 

Figure 9 shows expansion of the HMBC (750 MHz) spectrum of Iso-Et 743 in 

CD3OD. 

Figures lOA and lOB show the LRFAB Mass Spectrum of Et 875 in MB. 
Figures 11 A and 11 B show the tandem FABMS/MS spectrum of Et 875 in MB. 
Figure 12 shows the LRFAB Mass Spectrum of Et 1560 in MB. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODI>re^^^ 

As described above, a number of bioactive ecteinascidin compounds have been 
isolated from specimens ol Ecteirtascidia turbinata. See for example Ecteinascidiris 729, . 
-743, 745, 759A, 759B and 770, disclosed in U;S;Patent Nos: 5,089,273 and 5.256,663, the 
disclosures of which are hereby incorporated herein by reference. See also, Ecteinascjdins 
736 and 722, disclosed in U.S. Patent No. 5, 149,804,, which is hereby incorporated herein by 
reference. See also, U.S. Patent Nos. 5,478,932 and 5,654,426, Wh'icVare hereby 
incorporated herein by reference. 

The present invention will be further illustrated with reference to the following 
examples which aid in the understanding of the present invention, but which are not to be 
construed as limitations thereof All percentages reported herein, unless otherwise.specified, 
are percent by weight. All temperatures are expressed in degrees Celsius. , 

Example 1 - Semi-synthesis of Et 757 




: . HFi^AS: [M + H -Hpr TSa^SS (A -1.3 mOa) 

To a solution of Et 729 (9.2 mg. 0.012 mmol, i eq), diisopropylamine (12.9 uL, 
0.074 mmol, 6 eq) and CH^CN (300 ^L) was added CH3I (1 .5 uL, 0.024 mmol, 2 eq) and the 
resulting solution was stirred at 60*'C for 24 hours. The reaction mixture was concentrated to 
dryness under a nitrogen stream. The residue was purified by reversed phase HPLC 
(Phenomenex/Ukracarb-ODS, 2 mL/min) using 75% MeOH/H.O containing 0.02 M NaCl as 
mobile phase to yield Et 757 (2.2 mg, 24%) and Et 743 (2.3 mg, 25%) and a complex mixture 
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of permethyiated products. Et 757 was further purified by HPLC (Ultracarb-ODS) usina 
60% MeOH/H,0 with 0.02 M NaCI as mobile phase to afford pure Et 757 (i:4 me, 15%). 
HRFABMS, Calcd for C,,H,.N30,S [M ^ H - H,0]* m/r 758.2747, Found 758.2765, see 
Figs. 1 and 2; 'H NMR, see Fig. 3. 

E.xample 2 - Semi-synthesis of Iso-Et 743 



22 £h 




McJ. Wtj 74.7 



Step A - Boc-Et 729 



2.CH3l.(;-Pr)2NH* 
CH3CN. 60 "C, 24 h 

3Q min; 22 "C 




McL^Aft- 7STiS 



To a solution of Et 729 ( 1 2.5 mg, 0.0 1 7 mmo!. 1 eq). diisopropyiethylamine ( 1 .5 uL. 
0.07 mmoL 4 eq) and CH:,CN (300 uL) was added di-rm-butvl dicarbonate (3.6-mg, 0.017 
mmol, 1 .0 eq) and the resulting solution was stirrred at room temperature for 9 hou'rs. The 
reaction mi.xture was concentrated to dryness under a nitrogen stream. The residue was 
purified by flash chromatography (gradient elution: 100% CHCI^ --> 90% CHCl,/MeOH) to 
aford Boc-Et 729 (II. 6 mg, 91%. R, 0.53 in 90% CHCIAleOH); HRFABMS. Calcd for 
C43H,,N;0,,S [M + H]- m/: 830.2958. Found 830.2942, see Figs. 4 and 5. 

Step B - Iso-Et 743 



To a reaction flask containing Boc-Et 729 (11.6 mg, 0.0 14 mmol, 1 eq), 
diisopropylethyl amme (7.1 ^L, 0.04 1 mmol, 3 eq). 500 of CH,CN and a maanetic stirrer 
was added CH,I (2.1 mg, 0.015 mmol. l .1 eq), and the resulting solution was stirred at eO'C 
for 24 hours. The reaction mixture was concentrated to dryness under a nitrogen stream, then 



BNSDOCID: <WO 9951238A1JA> 



wo 99/51238 



PGT/US99/07471 



6 - 



700 laL of TFA/CH,CK/H20 (4: 1 : 1) was added. After the mixture was stirred at room 
temperature for 30 minutes, it was concentrated to dryness under a nitrogen stream. The. ' 
residue was purified by reversed phase HPLC (Alltech-C 1 8, 2 mL/min) using 60%; 
MeOH/H.O containing 0.02 M NaGl as mobile phase to yield Iso-Et 743 (1.9 mg, 28%, based 
upon recovered Et 729) and unreacted Et 729 (3.6 mg). HRFABMS, Caicd for Cj^H^.N^ioS 
[M+H - H.O]^ m/z 744.259 i, -Found 744.2619, see:-Figs, 6 and 7: 'H NMR and HMBC, see" ' 
-Figs. 8 and 9 respectively. 

Example 3 -^ Semi-synthesis of Et 875 . . * " '/ 



OCH2 




Met WU 7S1 



o o 

FisricSns, AcOH 
, i^hr. r.f • 



K3C, 



^ 0 




- OMe CMe ' 
HP.FA5: [M ^ Hf S7£.2Sa6 (A 2.3 mOa) ' 



.Glacial acetic acid (5 uL of a 28% AcOH/CHjCN solution, 4 eq) was added to a 
mixture of Et 743 (0.9 mg, 0.001 mrnol, 1 eq), piperidine '(5 uL of a 2% piperidine/GH3CN 
solution,\0.001 mmol, 1 eq). dimethyl malonate (5- uL of a 3% dimethyl malonate/CH-GN 
solution, O.OOl mmol. 1 eq) and crushed activated 4 A molecular sieves (- 0.5 mg)Jn CH.CN 
and the resulting suspension was stirred at room temperature for 24 hours. The reaction was 
filtered and the filtrate was concentrated to dryness. The residue was purified by flash 
chromatorgaphy (gradient elution; 100% CHGl^ — -> 90% GHC!3/MeOH) to yield Et 875 
(180 ^g, 20%, R.0.53 in 90% CHGl^/MeOH)- HRFABMS, Caicd for C.H.oNSO^S [M + 
H]'m/rS76:3013, Found 876.2986. see Fiizs. 10 and 11. 
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To a reaction Hask containing Et 729 (2.4 mg, 0.0032 mmol, 2 eq), diisopropyiamine 
(2 ^L) and CH3CN (75 ^L) and a magnetic stirrer was added a,cx*-dibromo-/7-xyiene (34 j.tL 
of a 12.5 ug/^L a.a^-dibromo-p-xylene/CHjCN solution. 0.0016 mmol, 1 eq) and the 
resulting solution was stirred at 60°C for 1 hour. The reaction mixture was concentrated to 
dryness under a nitrogen stream. The residue purified by flash chromatorgaphy (gradient 
elution: 100% CHCI3 — > 90% CHC^MeOH) to yield Et 1560 (300 ug, 12%, R.0.53 in 
90% CHCI^/MeOH); HRFABMS, Calcd for C,,H,,^,0,,S, [M ^ H - 2H,0]- /;;/r^l 56 1.5260, 
Found 1561.5221, see Fig. 12. 

BIOLOGICAL ACTIVITIES 

As described above, the ecteinascidins are highly functionalized bis- or iris- 
(tetrahydroisoquinoline) alkaloids that exhibit potent in vivo antitumor activic> . These 
compounds have chiefly been isolated as natural products from the mangrove tunicate 
Ecteinascidia turbinata, which grows throughout the Caribbean and the Guif of Mexico. The 
major product of most extractions. Et 743, is currently undergoing Phase I clinical trials for 
treatment of human solid tumors. See for example, Kuffel et al.. Proceedings of the 
American Association for Cancer Research. 38: ^596 ( 1 997); Moore et ah, Proceedings of the 
American Association for Cancer Research. 38; 3 14 (1997); Mirsalis et al.. Proceedings of 
the American Association for Cancer Research. 38: 309 (1997); Reid et al.. Cancer 
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Chemotherapy and Pharmacology, 38: 329-334 (1996): Faircloth et aL. European Journal of 
Cancer, 32A, Supp. I, pp. S5 (1996); Garcia-Rocha et aL, British Journal of Cancer, 73: 
875-883 (1996); Eckhardt et al.. Proceedings of the American Association for Cancer 
Research, 37; 409 ( 1 996); and Hendriks et a!., Proceedings of the American Association for 
Cancer Research^ 31: 3S9(\996). . . 

I n view of the exceptional antitumor properties of the natural ecteinascidins, the 
present invention has studied the antitumor activities of the semi-synthetic analogs prepared 
herein. Table I shows the in vitro cytotoxic activities of the new Et compounds compared to 
the activity of two natural products, Et 743 and Et 729: 

TABLE I 

Compound Name Cytotoxicity to L1210 murine leukemia 



IQo IC5o(Et 743)/IC 



Et 729 : 0.05. 10 

Et 743 0.5 • ; .1. 

Et 757 o;oi 50 

Iso-Et 743' ^ - 0.03 17 

Boc-Et729 5.0 0.1 

Et 1560 . . 2.0 0.25 

Et 875 0.5 1 



As shown by the vitro data presented in Table [, the new compounds of the present 
invention possess cytotoxic activities levels up to 10 times better than those of two natural 
ecteinascidin compounds. Accordingly, it is expected that these compounds will also prove 
useful as pharmaceutical compositions for the treatment of mammalian, and particularly, 
human tumors in vivo. 
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The present invention has been described in detail, including the preferred 
embodiments thereof. However, it will be appreciated that those skilled in the art, upon 
consideration of the present disclosure, may make modifications and/or improvements on this 
invention and still be within the scope and spirit of this invention. 
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WHAT IS CLAIMED IS: 

.1. The compound Et 757, which has the following structure: 
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The compound iso-Et 743, which has the following structure: 



4. 




OMe OMe 
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5. The compound Et 1560, which has the following structure: 




6. A pharmaceutical composition comprising the compound Et 757 and a 
pharmaceuticaiiy acceptable diluent, carrier, or excipient. 

. 1'. - A.pharmaceiLiticai composition comprising the compound Boc-Et 729 and a' 
. pharmaceutically acceptable. diluent, carrier, or excipient. 

8. A pharmaceutical conipdsition comprising the compound Iso-Et 743 'and a 
pharmaceutically acceptable diluent, carrier; or excipient, 

9. A pharmaceutical composition comprising the compound. Et 875 and "a 
pharmaceutically acceptable diluent, carrier/or excipient. 

10. A pharrnaceutical composition comprising the compound Et 1560 and a 
pharmaceutically acceptable diluent, carrier, or excipient. 

11. A method of treating a patient suffering from a mammalian tumor selected 
from the group consisting of mammalian leukemia, mammalian melanoma and mammalian 
lung carcinoma, comprising administering to said patient, an effective antitumor amount of 
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carcinoma, comprising administering to said patient, an effective antitumor amount of the 
substantially pure compound designated herein as Et 757 and a phamiaceuticaliy acceptable 
carrier, diluent or excipient. 

12. A method of treating a patient suffering from a mammalian tumor selected 
from die group consistmg of mammalian leukemia, mammalian melanoma and mammalian lung 
carcinoma, comprising administering to said patient, an effective antitumor amount of the 
substantially pure compound designated herein as Boc-Et 729 and a pharmaceutically 
acceptable carrier, diluent or excipient. 

13. A method of treating a patient suffering from a mammalian tumor selected 
from the group consisting of mammalian leukemia, mammalian melanoma and mammalian lung 
carcinoma, comprising administering to said patient, an effective antitumor amount of the 
substantially pure compound designated herein as Iso-Et 743 and a pharmaceutically acceptable 
carrier, diluent or excipient. 

14. A method of treating a patient suffering from a mammalian tumor selected 
from the group consisting of mammalian leukemia, mammalian melanoma and mammalian lung 
carcinoma, comprising administering to said patient, an effective antitumor amount of the 
substantially pure compound designated herein as Et 875 and a pharmaceutically acceptable 
carrier, diluent or excipient. 

1 5. A method of treatmg a patient suffering from a mammalian tumor selected 
from the group consisting of mammalian leukemia, mammalian melanoma and mammalian lung 
carcinoma, comprising administering to said patient, an effective antitumor amount of the 
substantially pure compound designated herein as Et 1560 and a pharmaceutically acceptable 
carrier, diluent or excipient. 
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